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Abstract: Negative searches for permanent electric dipole moments (EDMs) heavily con-
strain models of baryogenesis utilising various higher dimensional charge and parity vi-
olating (CPV) operators. Using eective eld theory, we create a model independent
connection between these EDM constraints and the baryon asymmetry of the universe
(BAU) produced during a strongly rst order electroweak phase transition. The thermal
aspects of the high scale physics driving the phase transition are paramaterised by the
usual kink solution for the bubble wall prole. We nd that operators involving derivatives
of the Higgs eld yield CPV contributions to the BAU containing derivatives of the Higgs
vacuum expectation value (vev), while non-derivative operators lack such contributions.
Consequently, derivative operators cannot be eliminated in terms of non-derivative opera-
tors (via the equations of motion) if one is agnostic to the new physics that leads to the
phase transition. Thus, we re-classify the independent dimension six operators, restricting
ourselves to third generation quarks, gauge bosons and the Higgs. Finally, we calculate
the BAU (as a function of the bubble wall width and the cuto) for a derivative and a
non-derivative operator, and relate it to the EDM constraints.
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1 Introduction
The Higgs boson discovered at the Large Hadron Collider (LHC) [1, 2] closely resembles
that of the Standard Model (SM). This rules out the mechanism of electroweak baryogenesis
(cf. [3] and references therein for a pedagogical review) within the SM because with a Higgs
mass of 125 GeV [4] the electroweak phase transition (EWPT) does not provide a sucient
departure from equilibrium [5]. The SM also falls short in the amount of charge (C) and
charge-parity (CP) violation to generate the observed baryon asymmetry of the universe
(BAU) [6, 7]. These two facts alone are enough to motivate the existence of new physics
responsible for baryon asymmetry.
Physics models entailing new particles or interactions can introduce charge-parity vio-
lating (CPV) phases to assist explaining the observed BAU [8] via electroweak baryogenesis.
The use of eective eld theories (EFTs) allows one to test a large class of models without
adhering to a specic model or framework. This greatly facilitates the connection with
experimental constraints. Under this motivation, we consider an extension of the Standard
Model by eective dimension six operators. To achieve electroweak baryogenesis, one typ-
ically utilises two such higher dimensional operators1 to simultaneously generate enough
1For an approach where EWBG is achieved without adding particle content to the SM nor invoking

















CP violation and a strongly rst order phase transition (SFOPT) at the electroweak scale
(cf. [10{12] and references therein). Considerable amount of literature have been devoted
to generate sucient CPV via dimension six operators [13{16], whilst evading ever tighter
constraints from searches for permanent electric dipole moments (EDMs). Similarly, stud-
ies of a SFOPT catalysed by dimension six operators [17, 18] (particularly applied to
top-Higgs sector [19, 20]) place a bound of  . 800 GeV on the scale of new physics that
could boost the strength of the phase transition [21].
In this work, we argue that it possible to build a relatively direct bridge between the
EDM constraints on a higher dimensional operator and the maximal baryon asymmetry
produced by such an operator by assuming a strongly rst order phase transition (which is
parametrised by the bubble wall width, velocity, etc.) [22{25]. This bridge can be used to
then classify the UV completion(s) corresponding to the EFT (for some examples see [26{
29]).2 While building the above bridge, we point out that the degeneracy between certain
higher dimensional operators is lifted. Usually, derivative operators are traded to non-
derivative ones via the classical equations of motion. However, such degeneracy may be
broken in BAU calculations since the CPV sources corresponding to these operators have
dierent dependencies on the assumed prole of the space-time varying vacuum. It is
necessary then to extend the higher dimensional CP violating operator basis (cf. e.g. [31{
33]) that is capable of generating the baryon asymmetry.
The most promising operators for BAU generation are those that contain at least one
Higgs eld to accommodate CP violating interactions with a space-time varying bubble
wall as well as a strongly coupled SM eld, i.e. a top quark or a gauge boson. The resonant
enhancement of such interaction during the electroweak phase transition becomes the most
ecient mode for baryogensis. Consequently, two qualitatively dierent operators are
chosen within the new catalogue of the operators presented in this paper to demonstrate
the aforementioned bridge. One of the operators chosen is normally considered redundant
due to the equations of motion. It involves a derivative coupling to the Higgs and the
result is an increased sensitivity to the width of the electroweak bubble wall. The respective
baryon asymmetries are calculated show that current EDM measurements can meaningfully
constrain the available parameter space.
The structure of this paper is outlined as follows. In section 2 we demonstrate that the
redundancy between various operators is lost during the electroweak phase transition. We
then catalogue the full set of CP violating dimension six operators that are candidates for
producing the BAU via the electroweak mechanism in section 3. The CP violating sources
are calculated using the closed time path formalism in section 4, with their respective
EDM constraints derived subsequently in section 5. We present resulting BAU in section 6
before briey discussing the possibility of space-time varying masses of heavy particles in
section 6.1. Finally we conclude with section 7.


















2 Removing redundancies of operators with derivative coupling to the
Higgs
A successful explanation of the BAU necessarily fulls the three Sakharov conditions [34]:
(1) baryon number violation,
(2) charge and charge-parity violation, and
(3) departure from thermal equilibrium.
In electroweak baryogenesis, the SU(2) sphalerons are responsible for meeting the rst
condition as the anomalous baryon number violating processes become unsuppressed at
high temperature. In the SM, the second condition is met through a CP violating phase
in the Cabibbo-Kobayashi-Maskawa (CKM) matrix, but it is too feeble to provide enough
baryon asymmetry. The third condition also fails in the SM as the Higgs mass is too heavy
to catalyse a strongly rst order electroweak phase transition.
The second and third conditions can be satised within the SMEFT framework by
adding higher dimensional operators to the SM Lagrangian








where OD=6;CPV is an operator3 contributing to both the BAU as well as EDMs, and
the set of operators O(m)V;D=4+n ensure that the EWPT is strongly rst order (see for
example [10, 11]). In general, the OD=6;CPV operator may contain derivatives, and there
can be a single or several O(m)V;D=4+n operators, each possibly with a dierent cuto scales.
Usually, the classical equations of motion are used to eliminate derivative operators as
redundant. However, we will show in this section qualitatively (numerically in a subsequent
section) that one should exercise caution when eliminating derivative operators with EOMs
for baryon asymmetry calculations within the EFT framework. The reason for this is be-
cause the Sakharov conditions are met only if both the operators O(m)V;D=4+n and OD=6;CPV
exist. For a concrete example consider an example operator of the class OD=6;CPV
ODD = QLtRDDH : (2.2)
The derivatives on the Higgs in the above operator can be typically eliminated by making






























O(m)V;D=4+n +   
!
: (2.4)
3We note that one can in principle have many such operators. The approach we adopt here is to inspect
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In EDM calculations, operators suppressed by  n can be safely neglected in eq. (2.4).
The use of the equations of motion to relate dierent operators is justied in this context
since a hierarchy of scale is established between the constant Higgs vacuum expectation
value (vev), hH(x)i = v, and the cuto .
In BAU calculations, however, the CP violating sources typically depend on the deriva-
tive of the space-time varying vacuum during the phase transition. For example, for the
supposedly degenerate operators shown in eq. (2.4), one can derive the CP violating sources


































One can immediately see that the two expressions do not agree in general. This is made
explicit when a specic form for the Higgs prole of v(x) is introduced to describe bubble
formation during the electroweak phase transition. The prole is a stationary eld con-
guration in the nite temperature eective action which interpolates the false vacuum to
the true vacuum. Assuming an O(3) symmetry, the bounce solution takes the form:









Here, Lw measures the width of the bubble wall and z parametrises the distance perpen-
dicular to the wall. With both Lw and v(T ) determined by the operators O(m)V;D=4+n,
there are no free parameters left in eq. (2.7). Using eq. (2.7) in eq. (2.6) does not yield the
same result, not even approximately. This is due to the fact that SCPODD and S
CPO@V=@H have
dierent dependencies on Lw and v(T ). Specically, the CPV source resulting from the
operator with derivative coupling to the Higgs, ODD, has a cubic sensitivity to the bub-
ble wall width whereas the non-derivative operator has a quartic sensitivity to the value
of v(T ). The strength of the CPV source due to the CPV operators then become very
sensitive to the exact structure of the set of operators O(m)V;D=4+n rather than the O( 4)
sensitivity that occurs in EDM calculations.
For each OD=6;CPV, one could in principle consider every single possibility for the set
O(m)V;D=4+n and their Wilson coecients to calculate Lw and v(T ). However, by ignoring
the precise structure of O(m)V;D=4+n and instead leaving Lw and v(T ) as free parameters,
we can then draw as direct a bridge as possible between BAU calculations and EDM limit.

















The result is that redundancy between derivative and non-derivative operators is lifted.
This is due to the sensitivity of CP violating sources to O(m)V;D=4+n being much sharper
than the expected  4 sensitivity. This behaviour is attributed to the derivative structure
of the operators and the changing the prole of the vev during the EWPT as controlled by
Lw and v(T ).
3 Operators classication
In this section, we classify and count the operators involving derivative couplings with Higgs
which can no longer be considered redundant. In electroweak barogenesis, the SM elds
whose contribution to the BAU are suppressed by small Yukawa couplings can be neglected.
This means that only the left handed third generation quark doublet, the right-handed top,
the Higgs and gauge bosons need be considered. With the symbolic meanings of  , D, F
and H applied to fermions, derivative operators, (dual) eld strength tensors and Higgs
operators respectively, one should obtain 12 operator classes, 8 of which involve the Higgs
H6; H4D2; H2D4; FH2D2;  2H3; F 2H2;  2H2D;  2HD2;  2HF;
F 2D2;  4;  2DF; F 3:
(3.1)
In order for the contributions to the BAU be resonantly enhanced, a CP violating operator
must involve at least one space-time varying Higgs operator and one other eld. Terms
with single H cannot appear without a  2 combination to cancel the SU(2) charge. There-
fore, terms such as FD2H should not appear. Under these constraints the possible classes
of operators are
H4D2; H2D4;  2H3; FH2D2; F 2H2;  2H2D;  2HD2;  2HF: (3.2)
We take the CP -odd operators from [31], while the CP -even analogue is given in [32] (see
also [33, 35].) We list in table 1 the operators satisfying the above constraints. We nd 34
in total that full all of our constraints, including 19 with higher derivative couplings that
are usually considered redundant. We considered operators with DD
2 and not DD
2 as
the latter can be formed by taking the sum of the rst operator and an operator involving
the eld strength tensor. We will select two qualitatively dierent operators for an ex-
tensive study | one with a second derivative coupling, ODD, and one with no derivative
couplings Ot1.
4 Electroweak baryogenesis with higher dimensional operators
4.1 Constructing new CPV sources with higher dimensional operators
When the Higgs eld develops a space-time varying vacuum expectation value, v(x), there
are operators which interfere with the standard top quark vev insertion diagram to give
exotic new sources of CP violation. We use the closed time path (CTP) formalism [37{
41] to calculate CP violating source terms for two operators which facilitate resonantly





































































































































































Table 1. List of dimension six operators based on [36] involving at least one Higgs and one
other eld that is either a Standard Model gauge boson or a top quark. Since redundancies
due to the equations of motion are no long applicable, one has to be cautious with the classes
involving (i) two derivatives acting a Higgs eld and (ii) one derivative acting on either gauge





























We also use the vev-insertion approximation (VIA) where the BAU production is
dominated by physics in front of the advancing bubble wall. THis is valid when the vev is
small compared to both the nucleation temperature and the mass splitting of particles that
produce the resonant CPV sources.The eective degrees of freedom are then those belonging
in the mass eigenbasis of the symmetric (unbroken) phase. Their interactions with the
space-time varying vevs are treated perturbatively under such approximation. One could
perform a resummation to all orders in the vevs following the techniques in [42, 43]. As a
simplication, we ignore the hole modes in the quark plasma [44{46]. The eects of mixing
with multiparticle states in the thermal bath as well as resummation will also be left to a





e ik(x y)gF (k0; tL=R)(k0; k)(k +m); (4.1)
where (k0; k) is the density of states and
g>F (x) = 1  nF (x);
g<F (x) =  nF (x);
(4.2)
with nF (x) = (e
x + 1) 1.
We will consider two exotic operators, Ot11 and ODD. The rst can be treated in the













StR(x; y) ; (4.3)
whereas the ODD term has a derivative coupling. For simplicity we will ignore interactions
















The CP conserving term to lowest order in  1 for both operators is just the usual
resonant relaxation term arising from interactions between the top and the space-time
varying vacuum. The term v(x)v(y) is then expanded near y = x taking the lowest order
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4.2 Contributions from Ot1 vertices
The CP conserving relaxation term up to O( 2) just produces the following correction































v(x)3v(y)  v(x)v(y)3 7! Im ciyt
2

(z   x)v(x)3@v(x) : (4.7)
Only the zeroth component contributes under the assumption of spatial isotropy. Let
us also ignore the bubble wall curvature and work in the rest frame of the bubble wall
z = jvwt  xj. The time derivative of the vev prole is then a spatial derivative times the
wall velocity. In line with the VIA, we assume that the variation of bubble wall with respect



































v(x)3v0(x)I [mtL ;mtR ; tR ; tL ;] ; (4.8)
where we have implicitly dened the function I[] for notational convenience.
4.3 Contributions from ODD vertices
The ODD operator requires some care since it involves a derivative coupling to the Higgs.
Once again, we replace the Higgs eld with a space-time varying vacuum and expanding
the vacuum near z = x. The correction to the SM CP conserving relaxation term comes





 v00(x) t : (4.9)
Note that the correction to the relaxation term involves the second derivative of the vev.
The usual practice in solving these transport equations is to linearise the dierential equa-
tions which means assuming the relaxation terms are a constant value in the broken phase.
There are some ambiguity in this procedure in that the correction to the above relaxation
term varies quite rapidly with x when x . Lw before going to zero. We therefore linearise
the transport equations by setting this correction to its average value between [0; Lw]. This
will be a somewhat a conservative assumption as this correction will not relax the number
densities at all far from the bubble wall.
The CP violating source term, involving the third derivative of the Higgs coming from













v000(x)v(x)  v00(x)v0(x) I [mtL ;mtR ; tR ; tL ;] : (4.10)
The derivative coupling causes the operator to be much more sensitive to the bubble width
than the CP violating sources arising from Ot1, or two Higgs doublet models which all have

















a danger that the VIA approximation becomes cruder for derivative couplings particularly
when the bubble wall becomes very thin. Nonetheless, we expect the qualitative result that
the source has an increased sensitivity to the wall width to be true even if one uses Wigner
functional methods, as it comes from the derivative coupling to the space-time varying vev
itself, rather than our approximation scheme.
4.4 Calculating the baryon asymmetry
When calculating the BAU, we make the usual assumption that gauge interactions are
very fast and that in the VIA the chemical potential for the W bosons vanishes as in
the symmetric phase. We ignore interactions with particle species whose interactions are
suppressed by small coupling constants. Specically, the number densities we consider are
the following linear combinations
Q = ntL + nbL ;
T = ntR ;
H = nH+ + nH0 :
(4.11)
Systematically calculating the sources for each self energy term involving the above particle
species leads to a network of coupled transport equations. Using the usual relationship
ni = kiiT
2=6 we can then relate the chemical potentials to the number densities. For





























































and the three body Yukawa rates,  Y , are derived in reference [48]. Neglecting the bubble
wall curvature we can reduce the problem to a one dimensional one by changing variables
to the rest frame of the bubble wall z = jvwt xj. We then use the diusion approximation
to write r  J = r2n thus reducing the problem to a set of coupled dierential equations
in a single space-time variable. We do not use the usual simplication that the strong
sphaleron and three body Yukawa rates are fast compared to a diusion time as it has
been shown that this assumption can cause an underestimate of the baryon asymmetry
in an example model (the MSSM) by a factor of O(100). While such an analysis has not
been done in the SM+X, we consider it worth solving the transport analytically using the

































where X 2 fQ;T;Hg. The procedure for how to derive i; i; xi; yi and AX(i) is given
in [49]. From these solutions one can then dene the left handed number density nL(z) =
Q1L+Q2L+Q3L = 5Q+4T . The baryon number density, B, satises the equation [50, 51]
DQ
00








where  ws  1205WT [52{54]. The baryon asymmetry of the universe, YB is then given
by


















New sources of CP -violation in the Higgs sector are necessary to realise electroweak baryo-
genesis. These sources, however, are severely constrained via their contributions to the
electric dipole moments (EDMs) of electron, neutron, molecules and atoms. A direct con-
nection between EDMs and electroweak baryogenesis have been suggested in [22, 23]. The
sensitivity of these low energy observables owes to contributions from operator mixing and
threshold corrections as high scale physics is run down and integrated out. The present
experimental constraints are summarised in table 2, showing that the electron EDM gives
the most stringent bound since it is weakly sensitive to hadronic uncertainties. This bound
is obtained from measurements using polar molecule thorium monoxide (ThO) [55]. We
therefore focus on contributions to electron EDMs (eEDM) and delay a more compre-
hensive and systematic treatment to a future study that will include other dimension six
operators (cf. e.g. [16, 19, 20, 56, 57]).
The dipole moment d corresponding to a charged fermion  is identied as the coef-
cient of the ve dimensional operator in the eective Lagrangian
LEDM =  idf 5 F : (5.1)


















Paramagnetic 205Tl jdTlj < 1:6 10 27 e cm [58]
Diamagnetic 199Hg jdHgj < 6:2 10 30 e cm [59]
Neutron n jdnj < 3:0 10 26 e cm [60, 61]
Electron (ThO) e jdej < 8:7 10 29 e cm [55]
Table 2. Current limits on electric dipole moments of the electron (e), neutron (n), mercury






Figure 1. Two-loop Barr-Zee diagrams contributing to the electron EDM.
due to the O(1) coupling. At the non-derivative level, CP violation interactions of this
sort are encoded in
L   mttLtR   ytp
2
eihtLtR + h:c:;








where tL; tR; h are assumed to be in their mass eigenstate and mt = 173 GeV is the physical
top mass. In addition, yt parametrises the magnitude of the top-Higgs coupling, and  its




2mt=v and  = 0. If there is CP violation in
the top-Higgs coupling ( 6= 0) it induces contributions to de via two-loop Barr-Zee type





























where the loop functions f1;2 are dened in [16, 65]. We add that other degrees of freedom
(not present in our analysis), e.g. charged Higgs boson, may interact with the top quark to
give sizable contribution to the EDM via the same the Barr-Zee type diagram. This have
been studied in detail in the context of two Higgs doublet models [66{69].
Firstly we discuss how the Ot1 operator leads to CP violating top-Higgs coupling of
the form (5.2) by expansion of the H operator around its vev. With H = 1p
2
(0; v + h)T ,













































tLtR + h:c:: (5.4)
These operators are brought into their mass basis by a eld redenition tR 7! e imtR. In
such case, the physical CP phase can be identied with t   m.
In case of the ODD operator, the top-Higgs interaction contains a derivative. In prin-
ciple, this contributes to de through the same two-loop diagram, shown in gure 1, and
one can derive an analogue of (5.3) with the momentum dependent top-Higgs vertex. Dif-
fering from the discussion of the baryon production during the EWPT, the Higgs vev here
corresponds to the one well after the EWPT and is hence not space-time dependent. It is
valid then to use classical EOMs to recast ODD in terms of derivative free operators as in
equation (2.5).
The dominant constraints on ODD come from from the rst term of (2.5), since four-






































In both of these cases, one assumes a generic coecient  2 C for the dimension-
four top Yukawa coupling QL ~HtR. Making the assumption that CP -violation comes only
from the d = 6 operators and that the scale of the operator is set by the cuto, one
sets Im () = 0 and cDD;t1 = e
iCP . The value of  is chosen to absorb the eects of
the ODD;t1 and to reproduce mt = 173 GeV. Currently, we take 2 = m2h and 2 = v2
but we note that this relation can be modied by pure Higgs eective operators such as 
HyH
3
. Figure 2 shows the contributions of the Ot1 and ODD operators to the electron
EDM as a function of the cuto scale . For the former, operator a strong dependence
on the CP phase of the higher dimensional operator is observed. Particularly, a cuto of
 & 3600 GeV is required to remain consistent with the current constraints CP = =2,
but is relaxed to  & 3000 GeV for CP = =4. The electron EDM bound on the latter
operator is weaker, with the cuto scale roughly required to be  & 1 TeV for both CP
phases. One should keep in mind that when interpreting these results, one assumes a
pure scalar electron Yukawa coupling with its SM value (cf. [70] and references therein for
discussions on experimental constraints of such coupling).
6 Numerical results and discussion
We plot the BAU produced by the new CP violating sources resulting from the operators
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(a)
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(b)
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(c)












ϕ�� = π /���
(d)
Figure 2. Two loop contribution to the electron electric dipole moment via a top quark due to
the Ot1 and ODD operators. Here CP denotes the phase cDD;t1 = eiCP of the Wilson coecient
appearing in front of the operator. The horizontal line corresponds to the experimental limit.
Tn = 100 GeV and the CP violating phase CP = =2 such that new coupling constants
are cDD;t1 = i (cf. section 5). We then set the value of the vev deep within the broken
phase to obtain two dierent values of the order parameter  := v(T )=T . The rst value
is the minimal value of unity | since this is the approximate condition for a strongly rst
order phases transition necessary to suciently suppress sphaleron interactions deep in the
broken phase thereby preserving the baryon number. The higher value is  = 2 since this is
an approximate maximum value for  during the electroweak phase transition for a critical






































































Figure 3. The baryon asymmetry due to the CP violating operator Ot1 in the plane of the bubble
wall width vs. cuto (Lw;). The dependence on Lw is relatively gentle.
BAU as does a larger value of  which is expected given that the CP violating sources
are all proportional to  to some power. One should note that the Standard Model with
a light Higgs has a larger wall velocity. The wall velocity can be suppressed by additional
particles in the plasma which might also be heavy enough to justify an eective eld theory
approach. Therefore, we can once again parametrise our ignorance of such particles just
by keeping the wall velocity as a free parameter and setting it to values 0:05 and 0:1. As
explained in section 5, the minimum cuto for the operator ODD is about a TeV whereas
the minimum cuto for the Ot1 operator is signicantly higher, about 3:5 TeV, due to its
eect on the top quark Yukawa.
As expected, the baryon asymmetry due to the operator ODD is very sensitive to the






































































Figure 4. The baryon asymmetry due to the CP violating operator ODD in the plane of the
bubble wall width vs. cuto (Lw;). The dependence on Lw is quite steep.
the parameter space already ruled out. However, the baryon asymmetry diverges quickly
for very small values of Lw for the operator ODD. It would be very interesting to see how
strongly this eect persists when one goes beyond the VIA by using techniques described
in [42, 43].
Remarkably the BAU can be produced by the Ot1 operator with extremely large values
of the cuto if the wall width and velocity are small but the order parameter  is large. This
is due to the fact that the CP violating source scales as v(T )4=2 so the suppression due
to the cuto is not as severe as it is for the ODD operator. This also means that the BAU
for operator Ot1 is more sensitive to the value of v(T ). However, explaining the baryon
asymmetry with the Ot1 operator is not viable with about a 6-fold increase in the minimal

















out as a sole explanation to the BAU in the foreseeable future if EDM searches improve
in sensitivity by about an order of magnitude or measurements of the top quark Yukawa
coupling become moderately more accurate. There is of course the caveat that the baryon
asymmetry has some moderate dependence on the nucleation temperature.
Not all baryon number produced during the electroweak phase transition is preserved
until the phase transition is nished. The fraction that is preserved has a double exponential
dependence on the strength of the order parameter v(Tc)=Tc. So for an order parameter
of v(Tc)=Tc  0:75 one might need to produce as much as 10 times of the observed baryon
asymmetry [72]. Including the eects of washout, with detailed calculations of the sphaleron
energy, we leave to an interesting future project.
6.1 Space-time dependent cuto
Within the approach of eective eld theory, we approximate the propagators of heavy
particles by the inverse of their mass squared. If a particle acquires some of its mass via
symmetry breaking, the mass of the heavy particle inherits a space-time dependence via








20(T ) + v
2(x)
: (6.1)
Here (x) is a space-time dependent function absorbing the eects of heavy physics which
the EFT is ignorant of. An example for such situation is an EFT for sparticles in super-
symmetry that have a soft mass but acquire some contribution to their masses from the
vacuum expectation value of the Higgs.
In this section, we argue that a space-time dependent cuto is not necessarily fatal for
an eective eld theory, although we do not claim that our treatment is comprehensive. For
example, we do not discuss any subtleties that may arise from the fact that the space-time
varying cuto is dened within a particular frame of reference (although comfort ourselves
with the fact that temperature is also dened within a particular reference frame). For the
eective eld theory to remain valid 0 has to be high enough to justify the new physics
it represents to be heavy enough. Since CPV source terms generically will depend on the
derivative of , one could ask if it is in principle possible that such a term can boost the
baryon asymmetry. The answer is typically no in the case where 0(T ) is large enough as









Finally, we briey consider the case where we denitely do not expect eective eld
theory to work when 0(T )! 0. Using intuition about the generic behaviour of space-time
varying functions during the electroweak phase transition (such as CPV phases, vevs and
variation of the ratio of vevs (x)) we can make an ansatz to parametrise our ignorance of
the new physics


























Suppose we have the case where our D = 6 operator that we test is Ot1 which is acquired
by integrating out a heavy Higgs in a two Higgs doublet model. If we set 0 to zero
6 the






i ]I (mtL ;mtR ; tL ; tR ;(xi)) : (6.4)
Here (xi) is the cuto evaluated at a single space-time point for simplicity. This is, of
course, the most ambiguous part of this discussion. We can compare the above to the two






t2 ]I (mtL ;mtR ; tL ; tR) : (6.5)
Remarkably, the eective eld theory framework reproduces much of the structure of the
UV complete theory in a case where we had no right to expect this.
One should not, however, take the comparisons between the above two CPV sources
too literally. If we replaced the cuto with the mass of the second Higgs doublet we would
acquire coecients with complicated dependence on parameters beyond the SM. This is
expected since the heavy physics that produces Ot1 is not unique and the EFT framework
is necessarily somewhat ignorant of the UV completion. What is remarkable here is that
the EFT framework produces the correct dependence on the masses and thermal widths of
the top quark, including resonance eects, the correct dependence on the vev proles, the
top Yukawa coupling as well as the variation of the space-time dependence of the heavy
physics all in a scenario where the EFT framework is expected to be crude. While this may
be coincidental, it would be interesting for future work to ascertain how well the eective
eld theory works in calculating the BAU for a variety of models where 0(T ) is small.
7 Conclusions
The growing sensitivity of electric dipole moment searches is increasingly constraining
the parameter space of baryogenesis models. Consequently, in the near future various
electroweak baryogenesis models will be either conrmed or ruled out by EDM searches.
The number of baryogenesis models, however, is rendering the application of experimental
bounds (including EDM limits) on each model impractical. This necessitates a model
independent, direct connection between EDM constraints and BAU calculations. In this
work, we studied such a connection using the framework of an eective eld theory.
Examining the connection between dimension six eective operators and the BAU, we
found that the conventional degeneracy is broken between operators containing derivatives
of the Higgs eld and their counterparts related by the equation of motion. According to the
nave CPV analysis, higher order contributions which arises when derivative operators are
traded to non-derivative ones, can be safely neglected since they are suppressed by the cuto
scale. When calculating the BAU, however, operators containing a derivative of the Higgs
led yield a CPV contribution to baryogenesis that involves the derivative of the Higgs vev.
If one trades these operators to non-derivative ones then one completely changes the nature

















of the CPV contribution to baryogenesis. The removal of O(m)V;D=4+n due to power-counting
arguments in the EOMs when relating OD=6;CPV with SM operators is problematic as a
rapidly varying Higgs wall prole destabilises the hierarchy between the vev and cuto scale.
After re-classifying dimension six eective operators, we selected two simple dimension
six operators (one containing a derivative and the other not) and calculated the respective
baryon asymmetry. We also subjected these operators to EDM constrains, thereby directly
connecting the eect of the EDM constraints to the amount of baryon asymmetry these
operators can yield. Finally, we discussed the possibility of the eective cuto being space-
time dependent and showed that the eective eld theory approach captures the bulk of
the correct physics even when we expect it to be a crude approximation.
We stress that the baryon asymmetry calculated from the normally neglected dimen-
sion six operators involving derivative coupling to the Higgs is more sensitive to the bubble
dynamics of the EWPT. The approach we suggest does not apply to more complicated
scenarios such as multistep phase transitions (cf. e.g. [73]). Also, more work needs to
be done analysing these operators using the full Wigner functional approach presented
in references [74]. Nonetheless, we have made a step toward a more general test of the
electroweak baryogenesis paradigm.
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